Recent work has identified two proteins that work together to enable many cell types to respond to endotoxin. These two proteins, lipopolysaccharide (LPS) binding protein (LBP) and CD14, also participate in cellular internalization of endotoxin, which may occur independently of cellular activation. Current work with antibodies to LBP and CD14 as well as ''knockout'' mice in the context of LPS-initiated endotoxic shock suggests that inhibition of this pathway could be therapeutically useful. These observations point to the need to identify new molecules that mediate LPSinitiated transmembrane signaling and internalization of LPS-protein complexes.
summarizes the interactions of LPS that are known Endotoxins, or lipopolysaccharides (LPSs), are well known to be important for LPS-initiated activation of a wide variety as potent initiators of inflammation. Our laboratory has sought of cell types. Among those cells that respond to LPS, there to understand the mechanisms by which LPS is brought to the are two groups: those that express membrane-bound CD14 surface of responsive cells and initiates inflammatory re-(mCD14) and those that do not. Until recently, only myeloid sponses. This work led to the discovery of a plasma LPS bindcells such as monocytes, macrophages, and neutrophils were ing protein (LBP) and a function for the myeloid antigen CD14.
known to express mCD14 [9] , but recent evidence shows that Their involvement in LPS-dependent cellular activation is summesangial cells express mCD14 ex vivo and other cells such marized in figure 1. Recent work in several laboratories sugas gingival fibroblasts may also [10 -12] . Some cells do not gests that LBP may be involved in certain other interactions express mCD14 but respond to LPS in the presence of the of LPS, specifically with lipids [1, 2]. Additionally, CD14 has soluble plasma form of CD14 (sCD14). These include endotherecently been shown to influence cellular activation by a numlial and epithelial cells [13] , smooth-muscle cells [14] , astrober of other agonists of bacterial and yeast origin, as well as cytes [15] , and dendritic cells [16] . It is interesting that in both by IL-2 [3]. These observations suggest that CD14 is at the pathways, LPS alone is less active as an agonist than is an heart of responses of the innate immune system to pathogens LPS-protein complex (LPS-LBP for mCD14 bearing cells [17, and the LPS/LBP limb is the principal mechanism by which 18] and LPS-sCD14 for the non-mCD14 bearing cells [13] ). gram-negative organisms activate the system. Two recent reHowever, irrespective of whether the cells express mCD14, views are available [4, 5] .
after interacting with the cells the LPS may partition between LPSs (figure 2) are of very diverse structures [6] . However, two paths, one leading to internalization and the other leading the conserved fatty acid acylated, phosphorylated disaccharide to cellular activation. Internalization and activation may be known as lipid A carries the endotoxic activity of these moleseparated by the effects of certain monoclonal antibodies and cules [7] . Being amphipathic, LPS as isolated is typically aggrelipid A antagonists [18 -20] . gated in solution, and the state of aggregation may have a significant effect on the bioactivity of the preparation [8]. As is described below, one of the principal functions of LBP is to disaggregate LPS for presentation to cells.
LBP
The evidence that LBP is important for activation of a wide variety of cells by LPS is now virtually incontrovertible. Initial indications were the findings that immunodepletion of LBP This article is part of a series of papers presented at a symposium entitled from rabbit blood inhibited responses to LPS [21] properties of an LBP ''knockout'' mouse, which are supportive *Current affiliation: Department of Chemistry, University of San Diego, San of the earlier results [23] .
Diego, California.
LBP is a 60-kDa glycoprotein found in the plasma of all synthesized principally in hepatocytes, with smaller LBP 1 -197 binds LPS with affinity similar to that of intact LBP, but it fails to transfer LPS to CD14 and fails to enamounts in other tissues [26 -29] . By testing of the binding of LBP to LPS and LPS partial structures, it was observed hance LPS-dependent cellular activation [35, 36] . LBP 1 -197 is in fact an inhibitor of LPS-dependent cellular activation that LBP binds to the lipid A moiety of LPS [30] ; these and other measurements established that LBP binds to the by virtue of its ability to compete with intact LBP for LPS [35] . Other mutants of LBP suggest that Arg-94 and Lys-LPS of Salmonella minnesota Re 595 with a dissociation constant of 3.5 1 10 09 M [31, 32] . With the knowledge 95 are important for LBP activity [37] . This region of LBP is similar to the structure of polymyxin B, which has a that CD14 was the cell surface receptor for LPS, we and others showed that LBP catalyzes the transfer of LPS to similar positively charged sequence and binds to LPS with high affinity [38] . CD14 [31, 33, 34] . The principal catalytic mechanism appears to reside in the ability of LBP to dissociate LPS LBP is the prototypical member of a four-protein family of structurally similar proteins that includes LBP, bactericidal/ aggregates into LPS monomers bound to LBP and deliver these to CD14.
permeability-increasing protein (BPI), cholesterol ester transfer protein (CETP), and phospholipid transfer protein (PLTP) [39 -Analysis of the functional properties of a mutant form of LBP encompassing only residues 1 -197 of human LBP 41]. BPI also binds LPS but inhibits the transfer of LPS to CD14. This inhibition is due to the inability of BPI to remove (LBP 1 -197 ) showed that LBP has a modular structure. 
CD14
CD14 is present in vivo in two forms. Upon synthesis, CD14 either can be modified at its C-terminus to acquire a glyceroThe importance of CD14 for cellular responses to LPS was first postulated on the basis of the ability of CD14 monophosphorylinositol tail and end up as a membrane glycoprotein of myeloid cells (mCD14) or it may be secreted (sCD14) and clonal antibodies to inhibit binding of LPS-coated particles to CD14-bearing cells and to inhibit responses to LPS in circulate in the plasma at 3 -5 mg/mL or Ç90 nM [50 -52]. The affinity of CD14 for S. minnesota Re 595 LPS is about 3 whole human blood [44] . Subsequently, the hyperresponsiveness to LPS of transgenic mice and stably transfected 1 10 08 M [31] . It is also possible that some of the membrane form may be shed from cells and circulate in the plasma [53] . cells upon expression of human CD14 [45, 46] and the LPS The cells that synthesize and secrete sCD14 have not been definitely identified, but it is very intriguing that CD14 mRNA is found at high levels in certain epithelial cells after LPS stimulation [11] . It is surprising that for the functions of CD14 of which we are aware with respect to LPS, only the first 152 amino acids of this 356-amino-acid protein seem to be essential [54, 55] . Within this fragment, several important specific residues have been identified [56 -58] .
LPS Association with Cells
We have now studied the association of LPS with both types of LPS-responsive cells depicted in figure 1 and have made very similar findings with the two cell types. Interactions of LPS with mCD14 expressing CHO (mCD14-CHO) and the cellular association of both molecules became insignaling molecule is common to mCD14-and non-mCD14-bearing cells or whether these two types of cells accomplish sensitive to protease treatment as a function of time at 37ЊC, suggesting ligand internalization.
transmembrane signaling differently. Additionally, there must be molecules that mediate internalization. Unpublished results We tested the effects of two monoclonal antibodies to CD14 whose effects with other cell lines were known (figure 3); (J. Gegner, 1997) suggest that uptake in the mCD14-CHO cells is a typical, clathrin-coated pit -mediated endocytosis, but the 28C5, known to block LPS binding to CD14, blocked LPS binding to the cells as well as activation, whereas 18E12 molecule(s) that direct the complexes to this pathway remain unidentified. These concepts are illustrated for mCD14-CHO blocked activation without inhibiting LPS binding [59] . These phenomena are considered to be excellent evidence suggestive cells in figure 5 . of an additional protein that is responsible for transmembrane signal transduction leading to cell activation. When we also References tested several LBP antibodies, we found one (18G4) that did not block activation but did block the majority of LPS and mediates activation. At present it is not known whether this / 9c63$$mr29 02-24-99 11:11:13 cida UC: CID
